ABSTRACT. Between January 2007 and December 2010, the abundance of medium-sized mammals was studied, with special focus on the Molina's hog-nosed skunk, Conepatus chinga (Molina, 1782), at four locations in southern Brazil. In this study, transect line methodology was used to obtain data for Distance Analyses. Transects were traveled by car at night, searching with spotlights along the edges of secondary roads in agricultural landscapes. Along 1,811 km, we obtained 620 observations of 20 mammal species. The most common species was the exotic European hare, Lepus europaeus (Pallas, 1778); the highest abundance estimated for South America was observed in one of the study areas, where its density was estimated as 32 individuals/km². Carnivores were the most commonly recorded mammals, represented by 10 species and comprising 51% of all observations. Molina's hog-nosed skunk occurred in all study areas, but occurred in sufficient numbers to obtain density estimates in only two of the areas. We estimated 1.4 to 3.8 individuals/km², in the first density estimate made by the transect method for a member of Conepatus in the Neotropics. These values are similar to those estimated for North American species of Mephitidae. In Brazil, C. chinga is apparently more abundant in the Pampa biome than in the grasslands of the Atlantic Forest. For two other carnivores, Lycalopex gymnocercus (Fisher, 1814) and Cerdocyon thous (Linnaeus, 1766), we estimated preliminary densities that were similar to those previously cited for different regions.
Species abundance is a central aspect in population ecology. Abundance can be affected by several ecological factors, including food availability, competition and predation. Two basic and different measures of abundance can be estimated by sampling animal populations: density and abundance. Absolute density refers to a quantitative measure of numbers of individuals per area, which can be converted into an estimate of population size. Abundance refers to population densities relative to a unit other than area, such as records per hour surveyed or observations per kilometer sampled (Cassey, 1999) . Indices are generally based on the assumption that the sample represents a constant but unknown proportion of the population. These indices are easily obtained and useful for comparing different sites or trends with repeated sampling over time (Gese, 2001) . Chiarello (1999) , for example, used abundance indices to evaluate the impact of fragmentation on mammal assemblages in the Atlantic Forest. Yet, in general, there is a lack of knowledge of this aspect for most Neotropical mammals, even for the most common species.
The Neotropical mammal fauna is mostly composed of small species, such as rodents, marsupials and bats. Among medium-sized mammals (> 1 kg), most of the species are arboreal (e.g., primates), which together with small mammals represent nearly 88% of all mammal diversity in South America (FonseCa et al., 1999) . However, the Neotropical region has extensive areas of open habitat, often resembling the landscape of African savannas. In contrast to African mammals, the majority of South American mammals are inconspicuous, with a relatively small number of medium-to largesized species. Most of them have secretive habits and are difficult to observe.
Even relatively common species have been poorly studied, and abundance estimates are few, especially based on transect lines. In Brazil, this method has been used in aerial counts of marsh deer Blastocerus dichotomus (Illiger, 1815 ) (e.g., sChaller & VasConCelos, 1978 Pinder, 1997; Mourão et al., 2000; andriolo, 2005) , and boat counts for cetaceans (e.g., CreMer & siMões-loPes, 2008; FlaCh et al., 2008) . Transect lines on the ground are used basically to estimate densities of primates (e.g., Peres, 1997; González-solís et al., 2001; santana et al., 2008) . Carnivores are inherently less abundant than herbivores (eisenberG, 1999) , and usually hard to see, making it difficult to apply these methods. In this study, we aimed to estimate the density of C. chinga, as well as the relative abundances of other medium-sized mammals, at two sites in the Pampas grasslands and two sites in the grasslands of the Atlantic Forest, comparing patterns of the composition of assemblages of medium-sized mammals.
MATERIALS AND METHODS
Study Area. This study was conducted in four areas in southern Brazil located in two basic biotic formations, the grasslands of the Atlantic Forest and the Pampas grasslands. In northeastern of state of Rio Grande do Sul and in southern of state of Santa Catarina, grasslands occur in Atlantic Forest highlands (800 -1200 m). This formation is associated with fragments of Atlantic Forest with a conspicuous presence of the Brazilian Pine (Araucaria angustifolia (Bert.) O. Ktze). Figure 1 shows the open formations of southern Brazil and the locations of the areas studied. The first area (A), studied between July and December 2007, is located in Santa Catarina in the municipality of Campo Belo do Sul (27°58'S, 50°49'W). Transects were located in a large pine forest (Pinus spp.) cultivated for timber. This area includes several native fragments of Atlantic Forest along streams and springs. Originally, until the 1950s, the area was occupied by grasslands used for cattle ranching, which were then converted to pine forest. The second area (B), studied between July 2007 and March 2008, is located in Rio Grande do Sul, in the municipality of Bom Jesus (28°19'S, 50°43'W). Transects were located on a cattle ranch, comprising large areas of native grasslands with several patches of Atlantic Forest with Araucaria angustifolia. The third area (C), located in southeastern Rio Grande do Sul in the municipality of Arroio Grande (33°19'S, 53°54'W), near the border with Uruguay, was studied between February 2008 and April 2009. The area is near the coastal plain, in the drainage basin of the Lagoa Mirim. It is composed of a mosaic of open grasslands used for cattle ranching, extensive areas of irrigated ricefields, marshes, and some forest patches of native and exotic trees (mainly Eucalyptus spp.). The last area (D), located in southwestern Rio Grande do Sul in the municipality of Alegrete (30°05'S, 55°30'W), also near the border with Uruguay, was studied between July 2009 and December 2010. The landscape is composed of grasslands and some forest patches that occur mainly along watercourses. Transects were established through livestock ranches.
Data collection and analyses. The study was based on line-transect methodology (burnhaM et al., 1980; buCkland et al., 1993) . For this purpose, we established transects along secondary and farm roads: three at each site, ranging from 3 to 8 km (mean = 4.8 km) long. Transects were sampled during three to five consecutive nights, each month or once per season. Each transect was repeated twice each night, with a minimum interval of one hour between each round trip. As the main goal of this study was to obtain density estimates of C. chinga, it was not viable to invest in areas with few animals, since a minimum number of records are needed to perform estimates using the Distance Program. Therefore, 24 samples in each transect during six months were established as the minimum sampling effort at each site. Because we used existing roads, the transects were not linear and they usually followed the smoothest relief. Sampling was carried out at night between 8:00 pm and 03:00 am by car, driven at a constant speed of 10 -15 km/h; with one observer using a spotlight, scanning both sides of the road in search of mediumsized mammals, especially C. chinga (CerVantes et al., 2002) . When a mammal was located, the driver stopped the car in a perpendicular position, or approximately 20 m distant, if the animal was close to or on the road. If the animal was clearly identified, the observer measured the perpendicular distance to the location of the first visual contact with the animal, using a measuring tape. In cases of doubtful species identity (canids seen at long distances, for example), the sighting was discarded.
The perpendicular distances were measured with the maximum possible precision, based on visual characteristics of each site, such as shrubs, rocks, fences or anything that could help the observer to identify the first location of visual contact. Data collected were analyzed using the software Distance (thoMas et al., 2010) . Perpendicular sighting data were modeled according to the Akaike Information Criterion (AIC). We present point density estimates with a confidence interval of 95%, standard error, coefficient of variation, and the probability of detection.
Density was calculated for all species with 60 (or more) sightings, which is considered suitable for robust estimates (buCkland et al., 1993) . For all species with about 30 sightings, we estimated "preliminary densities". These preliminary estimates represent an approximation, derived from data sets that did not allow robust analyses because of the small number of records. For other species, we present only abundance indices, based on the number of sightings divided by the distance traveled.
RESULTS

General results.
In the entire study, 1,811 km of transects were sampled, and 620 sightings of 20 mammal species were recorded. The most common species was the European hare Lepus europaeus (Pallas, 1778), which comprised 41% of the total observations. Carnivores were the most common order recorded, represented by 10 species and 51% of all observations. On Gateados farm, 223 km were sampled with 65 records of eight species, i.e., one sighting for every 3.66 km of transect (Tab. I). Cerdocyon thous (Linnaeus, 1766) was the most common species recorded, with 48% of the observations (12.1 sightings for each 100 km of transect), followed by Mazama gouazoubira (Fisher, 1814) with 29% (8.52 sightings/100 km), and L. europaeus with 15% (4.48 sightings/100 km). Other species, including C. chinga, were recorded only once.
At Bom Jesus, 276 km were sampled, along which we obtained 66 records of nine species, representing one sighting for every 4.18 km of transect (Tab. I). In this area, Lycalopex gymnocercus (Fisher, 1814) was the most abundant species, with 57% of the observations (13.77 sightings/100 km), followed by L. europaeus with 18% (4.35 sightings/100 km). Two other species showed intermediate abundances, C. thous and Procyon cancrivorus (Cuvier, 1789), each with 8% (1.81 sightings/100 km) of the observations. Again, C. chinga was recorded only once.
At Arroio Grande, 1,052 km were sampled, with 205 records of nine species, representing one sighting for every 5.13 km of transect (Tab. I). The most common species in this area was C. chinga, with 30% of the observations (5.80 sightings/100 km), followed by L. europaeus (18%; 3.52 sightings/100 km), C. thous (16%; 3.14 sightings/100 km) and L. gymnocercus (15%; 2.95 sightings/100 km) with relatively high abundances. In this area, Leopardus geoffroyi (d'Orbigny & Gervais, 1844), P. cancrivorus and Myocastor coypus Kerr, 1792 showed intermediate abundances.
At Alegrete, 260 km were sampled, along which 284 records of 11 species were obtained, representing one sighting for each 0.91 km of transect (Tab. I). Lepus europaeus was recorded in very high frequency, representing 68% of the observations (73.85 sightings/100 km), followed by C. chinga in high abundance, with 25% of the records (26.92 sightings/100 km). All other species showed low abundances, with the exception of C. thous and L. gymnocercus, which had intermediate abundances (1.54 and 3.08 sightings/100 km respectively).
Density estimates. We generated two density estimates for four species: C. chinga, C. thous, L. gymnocercus and L. europaeus. We were able to make a robust estimate of density for C. chinga in two areas, and for L. europaeus in only one. Two other species had only a small number of records, compelling us to consider our estimates as preliminary with respect to two of the study areas.
Conepatus chinga was the most common carnivore species in two areas, Arroio Grande and Alegrete, with densities ranging from 1.1 (0.7 -1.2) to 3.8 (2.9 -5.1) individuals/km² (Tab. II). The coefficients of variation of these analyses were 16.5% and 14.4%, respectively.
Cerdocyon thous and L. gymnocercus showed similarly low estimated densities (Tab. II). For C. thous the estimates ranged from 0.4 (0.2 -0.6) to 0.9 (0.6 -1.3) individuals/km² at Arroio Grande and Gateados farm, respectively. For L. gymnocercus the estimates ranged from 0.2 (0.15 -0.35) to 1.1 (0.7 -1.6) individuals/km² in Arroio Grande and Bom Jesus, respectively. However, these estimates are preliminary, with relatively high coefficients of variation, from 21.4% to 24.1%.
European hare densities varied drastically between the study areas. Because few animals were observed in two of the areas, it was not possible to estimate their density. Yet in two other areas, hares were present in intermediate and very high abundances (Tab. II). For Arroio Grande, we made only a preliminary estimate because of a small number of records, of 0.3 (0.2 -0.4) individual/km² with a 21.7% coefficient of variation. On the other hand, a robust analysis was possible for Alegrete, for which we estimated a density of 31.9 (23.7 -42.9) individuals/km², with a 15.1% coefficient of variation.
DISCUSSION
Relative abundance. Each area showed a singular assemblage, varying between one and four "exclusive species". This term is in quotes because the failure to record a species does not imply that it is absent in the environment. In fact, the nine-banded armadillo Dasypus novemcinctus Linnaeus, 1758 and the pampas fox L. gymnocercus are very common in southern Brazil, and certainly occur in all the study areas; as is the grison Galictis cuja (Molina, 1782), although it always occurred in low abundance (C. B. Kasper, unpubl. data) . The four study areas are strongly impacted by humans. The main impacts are caused by agricultural activities, especially livestock at Bom Jesus, Arroio Grande and Alegrete. Gateados farm is used for timber production, and therefore has the most distinct fauna. In this area the crab-eating fox C. thous was the most abundant species, with 31 records, followed by the gray brocket deer Mazama gouazoubira, which is remarkable. In this case, the abundance of the gray brocket deer is probably associated with an absence of hunting. Paradoxically, this exotic pine-forest environment harbors a large number of species, including some locally endangered species (Fontana et al., 2003) , such as the white-lipped peccary Tayassu peccary (Link, 1795), collared peccary Pecary tajacu (Linnaeus, 1758), ocelot Leopardus pardalis (Linnaeus, 1758), and mountain lion Puma concolor (Linnaeus, 1771). It is likely that these species can persist only because of the preservation of native forest in the ravines. However, it seems clear that the mosaic formed by patches of native and exotic forests, and the absence of hunting are beneficial to several species, especially larger species that require extensive areas to maintain their populations. Bom Jesus, located only 80 km from area A, is very different in terms of soil and landscape usage. The area is used for cattle ranching, and the landscape includes several forest patches in the middle of open grasslands, on the hilltops, and bordered by the Atlantic Forest in the ravines. Therefore, some forest species are present in the patches and ravines, although the assemblage of mammals is characteristic of open areas. The most abundant species in this area was the Pampas fox, followed by the European hare, two species typical of open environments. It is interesting to note the numerical dominance of L. gymnocercus over C. thous, which many studies have found to be the dominant species (di bitetti et al., 2009; Faria-Correa et al., 2009 ). This is not always necessarily true, and this relationship is probably more complex than it appears.
In Arroio Grande (Area C), a greater field effort was employed, using transects concomitantly with telemetry studies of C. chinga (kasPer et al., 2012) . In this area, C. chinga was the most abundant species, with 61 records (one sighting for every 17.2 km of transect), nearly twice that of the next most abundant species, L. europaeus, with 37 records. The area showed the lowest encounter indices of all four areas, with 19 sightings every 100 km. This probably reflects the high level of disturbance in the area, which is used intensely for agriculture, especially rice farming and cattle ranching. This is the only study area that had vehicular traffic on the roads used as transects, which certainly affected detectability, because some species or individuals may avoid areas adjacent to busy roads. Aside from detectability, density itself can be affected, as suggested by the observation of several road-killed individuals.
Alegrete showed the highest encounter indices, with 109 records every 100 km, a lot more than in the other areas. This number can be explained by the enormous local abundance of the European hare, which alone represented 74 encounters per 100 km traveled. Yet even after this exotic species was excluded from the analysis, Alegrete still showed the highest abundance in terms of mammals, because we also found the highest abundance of C. chinga, nearly five times higher than in Arroio Grande, with 27 encounters every 100 km. The two sympatric canids were found at intermediate levels, with a predominance of L. gymnocercus. A possible explanation for the large number of animals in this area is landscape use. Pampas grasslands are used primarily for cattle ranching, an activity that began in the 1800s and has not changed much since then. Cattle ranching is so intimately associated with this region that several investigators have argued that the landscape is modulated by this activity, and that the maintenance of biodiversity is dependent on the regime of disturbances such as grazing and burning to improve pasture (oVerbeCk et al., 2009) . Obviously, there is a threshold for the intensity of these disturbances, leading to decreases in biodiversity and the loss of ecological processes . However, the region can be considered relatively well preserved, although humans have made use of practically all the available space.
Densities. There is little published information about the abundance of skunks, and no data for the southern species. The South American species exhibit parapatric distributions, in contrast to North American skunks. Therefore, in South America each skunk species shares its habitat with carnivores of other families, but not with other mephitids, which in theory reduces the Tab. II. Density estimates of the most common median sized mammals in grasslands of southern Brazil [D, density estimate (individuals/km²); CI, 95% confidence interval (individuals/km²); SE, standard error; CV, coefficient of variation (%); DP, detection probability (%); potential for competition among them. The abundance of C. chinga should be higher than those of species living in sympatry and sharing resources, as in the case of northern skunks. However, the densities estimated in our study are similar to those commonly observed for Mephitis mephitis (Schreber, 1776) (Wade-sMith & Verts, 1982), a larger animal than C. chinga. On the other hand, densities were much lower than for Spilogale putorius (Linnaeus, 1758), found in numbers of 8.8 to 40 individuals/km² (kinlaW, 1995), although they have only 1/3 the body mass of C. chinga. In Arroio Grande, the estimated density of C. chinga is similar to densities of the most common of three sympatric species studied in Mexico (CerVantes et al., 2002) . The only density estimate available for Conepatus in South America was derived from telemetry studies, and was 0.68 -1.66 individuals/km² in croplands and protected areas respectively (Castillo et al., 2011) . These authors used spotlight surveys to estimate density, but did not succeed because of the small number of sightings. It is very difficult to compare results derived by different methods, as each technique has different sources of bias. Density estimates based on telemetry data are only valid if no other animal lives within the total area used by the marked animals (Gese, 2001) . Individuals of C. chinga show considerable overlap in their home ranges, even among individuals of the same sex (rePuCCi et al., 2009; Castillo et al., 2011; kasPer et al., 2012) , making it nearly impossible to mark all the animals in a given area. In a similar study, for example, kasPer et al. (2012) could not use this method of analysis because several non-marked individuals were sharing the areas of the monitored animals. However, Castillo et al. (2011) did not mention the possibility that their analyses could have produced underestimates, so we will assume that their numbers are valid. In this case, our estimates are higher than those in Argentina, despite the wide variability observed. This is interesting because Brazilian skunks are larger than the specimens from Argentina (kasPer et al., 2012) , which in theory implies that they should have lower densities. We suggest that these differences may be related to the availability of food, which generally correlates with precipitation. In southern Brazil, the annual mean precipitation is around 1200 -1600 mm (Cabrera & Willink, 1980) , while in Argentina it is around 500 -1000 mm. Therefore, it is possible that southern Brazil has greater resource availability, allowing for higher densities. Another reference available for South American skunks is CoFré & Marquet (1999) , who reported densities of 5 individuals/km² for C. chinga and 89 individuals/km² for Conepatus humboldtii Gray, 1837. However, these estimates were included among those for several other species, and it is not clear how the authors determined the values. Therefore we do not consider this information sufficiently reliable for comparison with our study.
The observed abundance of C. chinga in our study areas varied widely, from very low levels, where we could not estimate the density, to areas with relatively high densities. One possibility is the difference in availability of certain resources, especially insect larvae, which is the main item in this species' diet (Medina et al., 2009; Peters et al., 2011) . This hypothesis should be tested in the future, to better understand the processes affecting its abundance. However, in Arroio Grande the abundance of C. chinga is probably strongly affected by human disturbances, including road mortality and hunting. In this area, seven of 18 marked animals were killed as a consequence of human activities in a period of 12 months, representing an almost 40% decrease of the known population (Kasper et al., 2012) . The low levels of abundance in the Atlantic Forest highlands may be a particular characteristic of this population. The density of Lycalopex gymnocercus was estimated first by CresPo (1971), who found 1.04 individuals/km² in the Argentine Pampas, very similar to our estimate in the highlands of the Atlantic Forest. In the Paraguayan Chaco, brooks (1992) found a density of 0.64 fox groups/km², while the highest density estimate is from the Bolivian Chaco, with 1.8 individuals/km² (ayala & noss, 2000) . These estimates are similar to ours, despite the very different habitats. The values are also similar to a report for Lycalopex vetulus in "campo sujo" of the Brazilian Cerrado (1.21 individuals/km²) , although estimates for pasture fields at the same location were very different, with up to 4.28 individuals/km² . However, we cannot directly compare these two species, because L. vetulus has a diet specialized in termites and other insects, whereas the diet of L. gymnocercus is more generalized (Cheida & santos, 2010) . The several density estimates for different species of the genus Pseudalopex compiled by hoFFMann & sillero-zubiri (2004) indicate densities of 0.5 to 2.0 individuals/km² as a common pattern for Neotropical foxes.
The numbers of L. gymnocercus in our study were probably influenced by hunting, as we found low abundances in the areas with high hunting pressure such as at Arroio Grande and especially at Alegrete. Arroio Grande is more densely occupied, which generates more conflict with carnivores in general. At Alegrete, which has large cattle and sheep ranches, there is an effective and illegal control of canids (C. thous and L. gymnocercus), which supposedly serves to reduce the loss of lambs to predation. At Bom Jesus, which is used exclusively for cattle, hunting pressure is lower than at Arroio Grande and Alegrete, allowing more Pampas foxes to survive.
The crab-eating fox (C. thous) is the most common carnivore in southern Brazil, although not always the most abundant. This species is more associated with forested areas and gallery forests, but also occupies open areas, agricultural landscapes, highly fragmented environments, and even suburban areas. The densities estimated in our study are similar to that estimated for a dry forest in Santa Cruz (Bolivia) of 1 individual/ km² (MaFFei & taber, 2003) . Cerdocyon thous occurs in all areas of southern Brazil, while L. gymnocercus is restricted to open areas of the Pampas grasslands and the open grasslands of the Atlantic Forest. These species are very similar in size, and recent studies have revealed extensive overlap in their feeding habitats. The coexistence of these foxes was the subject of some studies (e.g., di bitetti et al., 2009; Faria-Corrêa et al., 2009; abreu et al., 2010) that have suggested that niche overlap is attenuated by differences in activity period or by their differential use of microhabitats to forage. We believe that these two species affect each other's abundance reciprocally. How this occurs, at what intensity, and what affects this relationship are still-unanswered questions. However, this relationship is probably not linear, with C. thous always being the dominant species, since in some areas L. gymnocercus shows similar or even higher abundances.
The European hare Lepus europaeus is an introduced species that is thriving in southern Brazil, Uruguay and Argentina. We estimated two levels of density for southern Brazil, at two different abundance levels. In two other areas in the highlands of the Atlantic Forest, its abundance was very low and was not calculated. However, this hare has probably become one of the most common medium-sized mammals in southern Brazil, especially in the Pampas grasslands. This abundance of hares is high even when compared to their original habitat in Poland, with densities of 10 -28 individuals/km² (Panek, 2009) , and the Netherlands, where the density is around 25 individuals/km² (ChaPMan & Flux, 1990) . Although this hare can reach 200 -300 individuals/km² in some cases, its density is usually low, even in non-native habitats such as New Zealand, with densities around 10-20 individuals (ChaPMan & Flux, 1990) . In South America, density estimates range from 2.6 -5.1 hares/km² (aMaya, 1979) to 9.5 (±4.5) -12.6 (± 1.9) (Pia et al., 2003) , both from Argentina. Therefore, our estimate is the highest reported to date for South America, and amplifies our understanding of this exotic species' potential to occupy southern Brazil.
